found that large spring tillers were more likely to flower than small spring tillers of smooth bromegrass and 
S
eed production in many temperate perennial grasses Clarke, 1993) . Nitrogen is required at two critical plant is closely related to fall tiller development (Schobdevelopmental stages: (i) preinduction, to ensure that erlein, 1987; Boelt, 1999) . This is particularly important an adequate number of well-developed tillers are presin grasses with a dual floral induction system, including ent for induction and (ii) inflorescence elongation, to smooth bromegrass (B. inermis Leyss) (Heide, 1994) .
ensure that adequate N is available to support elongaIn such species, tillers must not only be present under tion and floret filling. Nitrogen fertilizer increased tiller conditions favorable to primary induction, but they must density, tiller basal diameter, panicle production, and also be inducible. Whether the tillers are inducible or seed yield in Kentucky bluegrass (Thompson and Clarke, not often depends on whether they have gone through 1989; Thompson and Clarke, 1993) . In Holland, delaying the transition from juvenile, nonresponsive growth to spring N application from the end of February (before mature, responsive growth. The physiological basis for growth is initiated) until the end of March or April maturity is not well understood, but one of the most resulted in fewer panicles in red fescue, orchardgrass, accurate morphologic indicators of maturity is the nummeadow fescue, and perennial ryegrass (Meijer and ber of leaves on a tiller. A significant correlation has Vreeke, 1988a) . However, in all but orchardgrass, seed been reported between the number of leaves tiller Ϫ1 in number tiller Ϫ1 and seed mass compensated so that seed the fall and the percentage of panicles in the following yield was not affected by the delay in N application. year for orchardgrass (Dactylis glomerata L.), meadow Floral initiation in orchardgrass occurs very early (Janufescue (Festuca pratensis Huds.), timothy (Phleum praary or February); late application of N stimulated vegetensis L.), Kentucky bluegrass (Poa pratensis L.), red tative growth at the expense of reproductive growth. fescue (F. rubra L.) and, to a lesser extent, perennial Schoberlein et al. (1995) used labelled N to demonstrate ryegrass (Lolium perenne L.) (Nordestgaard, 1980;  that N applied in late summer, autumn, or spring was used Schoberlein, 1987; Boelt, 1999) . Canode and Law (1978) mainly for inflorescence emergence in ryegrass, timothy, orchardgrass, Kentucky bluegrass, and meadow fescue. 
MATERIALS AND METHODS
were calculated on treatment means to determine the relationship between tiller density and development and panicle denField experiments were conducted under rainfed conditions sity and between panicle density, tiller density, or tiller develat Saskatoon, SK, Canada (52Њ07ЈN, 106Њ38ЈW) and under opment and seed yield. irrigation at Outlook, SK, Canada (51Њ30ЈN, 107Њ03ЈW). Trials at both sites were seeded on Typic Haploboroll soils. At Saskatoon, growing season precipitation (April-October) was 307, 282, 366, and 247 mm in 1994, 1995, 1996, and 1997, respec- used to determine soil moisture, and irrigation was applied to
RESULTS AND DISCUSSION
In a previous study, reduced tillering was also attributed maintain a consistent soil moisture level of 50% of the availto late residue removal (burning) in timothy (Entz et able water-holding capacity (Sonmor, 1963) .
'Paddock' meadow bromegrass was seeded on 10 June 1994 al., 1994). Kentucky bluegrass and creeping red fescue at 12 kg ha Ϫ1 in rows spaced 30 cm apart. Fertilizer (11-51-0), also require a regrowth period after residue removal to supply 50 kg P ha Ϫ1 and 11 kg N ha
Ϫ1
, was incorporated (Meijer and Vreeke, 1988b) . However, in the present during seedbed preparation. Each fall, an additional 50 kg P study, late removal reduced tiller density in fall and ha Ϫ1 and 11 kg N ha Ϫ1 (11-51-0) was broadcast on all plots.
spring of only 1 of the 2 yr.
In the fall of 1995, before fertilization of the plot areas, soil
By the fall of 1996, tiller densities had increased to cores were taken from each plot at sampling depths of 0 to more than 3000 m Ϫ2 at Outlook in treatments where 15, 15 to 30, and 30 to 60 cm. These samples were air-dried residue was removed immediately after harvest (Table   and analyzed for NO 3 -N and sodium bicarbonate (NaHCO 3 ) 1). In Saskatoon, tiller density was much lower than soluble P by methods of Gentry and Willis (1988) of tillers was equal to or more advanced than when
Treatments were replicated four times. The design was a split plot with N rate as the main plot and residue removal as residue was not removed (Table 2 ). In the fall of 1996, the subplot. Subplots were 1.5 by 6.0 m. Ammonium nitrate residue removal increased leaf number tiller Ϫ1 at both (NH 4 NO 3 ) was broadcast at the prescribed N rates in early to sites ( moval did not consistently advance tiller development Saskatoon, winter injury did not occur even with double in others (Chastain et al., 1997) .
residue removal and high N rates. At Outlook in 1996, a significant interaction occurred
In 1997, panicle density increased significantly with between N and single vs. double residue removal. Leaf increasing N rate (256, 363, and 375 panicles m Ϫ2 with number tiller Ϫ1 increased with increasing N rate in the 0, 50, and 100 kg N ha Ϫ1 , respectively) and residue resingle residue removal treatments but decreased with moval. More panicles were produced when residue was increasing N rate when the residue was removed twice removed early than late (350 vs. 76 m Ϫ2 , respectively). (Table 3 ). There was also a significant interaction be-A second removal increased panicle density compared tween N (quadratic) and single vs. double residue rewith the mean of the two early removal treatments (322 moval for panicle density and percentage of tillers that vs. 229 m Ϫ2 , respectively). produced panicles (Table 4) . Panicle production in-
The effect of residue removal on the percentage of creased linearly with N rate when residue was removed fall tillers that produced panicles varied between sites in after harvest, whereas when residue was removed twice, both years (Table 5) . At Saskatoon in 1996, a significant panicle production increased when 50 kg ha Ϫ1 was apincrease in tiller fertility occurred when residue was replied but declined when 100 kg ha Ϫ1 was applied. Both moved compared with the no-removal treatment. Within clipping and N application decrease cold hardiness of the removal treatments, double removal resulted in a cool-season grasses by reducing total soluble carbohydrates and increasing tissue hydration (Huokona, 1974;  (Thompson and Clarke, 1989; Chastain et al., 1997) in 1996.
and creeping red fescue (Meijer and Vreeke, 1988b Although Schoberlein (1987) found a significant cor- Schoberlein's findings support the theory that a juvenile ‡ NQ, N quadratic.
period exists in many perennial plants during which flowering will not occur even if the plant is exposed to greater proportion of panicles than single removal. At conditions that stimulate flowering at a later growth Outlook in 1996, a higher percentage of panicle-producstage (Heide, 1994) . However, Havstad (1996) has preing tillers occurred in early removal compared with latesented evidence that tillers, which emerge during inducremoval treatments. This was attributed to winter injury, tion conditions, are capable of becoming reproductive in which resulted in a decrease in tiller density from the Scandinavian cultivars of smooth bromegrass, Kentucky fall of 1995 to the spring of 1996 in plots where residue bluegrass, meadow fescue, orchardgrass and ryegrass. was removed in October (Table 1 ). In 1997, the percentGrowth chamber studies indicate that this is also the age of panicles had decreased, but it was higher when case with meadow bromegrass (Loeppky, 1999) . In the residue was removed than when it was not removed at present study, panicle density was the variable most both sites. At Saskatoon, double removal resulted in a closely correlated with seed yield at both sites in both higher percentage of panicles than single removal, and years (Table 6 ). This is also the case with Kentucky early residue removal was higher than late residue rebluegrass and creeping red fescue (Meijer and Vreeke, 1988b) . Meijer and Vreeke (1988a) speculate that com- 
